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Abstract 
We present a miniaturized, low-cost detection element for a photoacoustic spectroscopic gas sensor system. The sensing element 
consists of a commercial mobile phone microphone and a standard TO socket. The elements are mounted under gas atmosphere 
and serve as gas selective reference cell. The system is able to detect CO2 selectively with a resolution better than 100 ppm. 
Further characterization included different environmental conditions and gas cross-sensitivities. The potential for further 
miniaturization and the realization as a low-cost mass market sensor is shown. 
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1. Introduction 
The measurement of CO2 has a high relevance on the gas sensor market. Especially monitoring indoor air quality 
in buildings is of high importance. Increased CO2 levels indoors cause perceptions of poor air quality, impaired 
work performance, and can even lead to acute health symptoms. The indoor CO2 concentration directly correlates 
with the number of people present and requires adequate rates of air-ventilation. Therefore a selective, low-cost 
sensor for CO2 is needed to maintain healthy room climate conditions with high energy conservation simultaneously.  
We propose to use a photoacoustic sensor to monitor indoor CO2 levels. The photoacoustic effect describes the 
formation of an acoustic wave in a gas sample due to the absorption of photons [1]. The photoacoustic effect was 
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first published by A.G. Bell in 1880 [2]. Conventional absorption spectroscopy is based on excitation by 
electromagnetic radiation with intensity I0 and the measurement of reflected or transmitted light intensity I [3]. 
Photoacoustic sensors measure the absorbed light directly [4].  
CO2 is IR-active in the mid-infrared range and energy is absorbed in the gas sample. At thermal equilibrium, this 
energy is randomly distributed into all degrees of freedom, causing an increase of thermal energy and with it a rise 
in temperature and pressure at a constant density in the cell [5]. If a modulated IR source is used, the pressure 
variations are periodic as well [6]. These pressure changes can be measured in a closed volume as periodic signal. 
The resulting pressure signal can be calculated from the absorption strength and the emission profile of the used IR-
source as discussed in [7]. To get values for absorption strength at a specific wavelength we used data from 
HITRAN [8] to calculate the absorption lines with broadening and intensities. In the calculations we estimate an 
ideal black body radiator as broadband IR-source to describe the used thermal emitter. 
2. Experimental 
A photoacoustic detection unit consists of a hermetically sealed chamber with IR-optical contact and integrated 
pressure sensor. The chamber is filled with the target gas in order to serve as gas selective filter unit. 
2.1. Detector Design 
Figures 1 a) and b) show the developed photoacoustic detector setup with an integrated MEMS microphone 
(SMM310, Infineon) in a TO socket and an IR-transparent window.  
 
Fig. 1: (a) technical drawing of the cross-section of a sealed microphone inside the TO-housing. (b) Photography of the mounted microphone 
before the TO header is soldered to seal the detector unit. 
 
The hermetic mounting process of the TO socket is carried out under gas atmosphere. The working principle and 
theoretical background of the effect are discussed in [7]. Advantages of this method are that the components of the 
sensing element are available in high quantities and that the assembly processes are standardized. 
2.2. Characterization Setup 
Figure 2 shows the measurement setup for the detailed characterization process. The setup consists of a variable 
measurement channel inside the tube. At one end of the measurement path the detector is placed. On the other side a 
broadband thermal emitter as IR-source is installed. Two peripheral gas connectors allow filling gas mixtures into 
the measurement cell at a gas test stand. Various characterization measurements have been performed with this 
setup. Long-term behavior, detection limit, resolution and cross-sensitivities to other gases are investigated. 
b a 
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Fig. 2: Developed characterization setup to evaluate detector unit performance. The measurement chamber length is realized variable inside 
the tube. 
3. Results 
The results of the characterization measurements are discussed in this chapter. As IR-source we used a thermal 
emitter (Hawkeye, IR66). The measurement distance in the measurement chamber is set to 5 mm for all shown 
measurements. Results of sensitivity measurements and longterm behavior can be seen in figures 3 a) and b). 
Fig. 3: (a) longterm measurement over 50 hours to examine stability of the zero baseline. (b) Measurement with varied CO2 concentration (0 – 
10000 ppm) in nitrogen to investigate resolution and detection limit of the setup. 
 
At the beginning of the measurement there are five steps of 10.000 ppm CO2 alternating with pure nitrogen 
(Fig. 3 a). The system shows a stable zero signal during 50 hours of constant operation. At the beginning of the 
measurement the system shows a warm-up time until thermal equilibrium has been reached. 
The resolution of the CO2 detection has been examined in gas measurements (figure 3 b). Steps of 100 ppm CO2 
in the range between 0-10.000 ppm have been applied. The system shows a resolution better than 100 ppm over the 
complete measurement range. All concentration changes can be detected clearly. During the measurement, the 
system also shows a stable baseline after having reached the stable thermal equilibrium. 
Figure 4 illustrates the investigation of cross-sensitivities to other gases. Carbon monoxide (CO) also absorbs in 
the range between 3 – 4 μm. There is no signal at the detector even at high concentrations of CO up to 1000 ppm. 
The photoacoustic detector acts as a gas selective filter. Only the absorption of CO2 molecules results as pressure 
signal at the microphone. Pre-absorption of energy at other wavelengths does not affect the performance of the 
detector. The developed detection unit has no integrated, optical IR bandpass filter, which is usually required for 
selective gas measurements in the mid IR range and the usage of a broadband source. 
a b 
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Fig. 4: Investigation of the cross-sensitivity of the system to CO. 
4. Conclusion and outlook 
The results of the characterization measurements show a stable CO2 sensor with a resolution better than 100 ppm. 
The detection unit shows a longtime stable signal without any baseline drift after having reached thermal 
equilibrium. The detection limit is lower than 100 ppm. Gas cross-sensitivities are suppressed by the 2-chamber 
setup. The sensor can be used as indoor air quality monitoring system. The detection unit can be mounted with 
standard processes and all components are cheap standard products. The potential for a low-cost, gas selective, 
photoacoustic CO2 sensor with a broadband IR-source without the usage of optical filters has been shown. 
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